This issue of Sideways Glance on the role of Perilipin in adipose lipid metabolism coincides with the recent largely deserved award from the United States Department of Agriculture (USDA) to Dr. Jose Ordovas of the Jean Mayer USDA Human Nutrition Research Center on Aging at Tufts University in Boston, Mass. for his many contributions to nutrigenomics. The USDA Secretary's Honor Award recognizes the fundamental contributions that Dr Ordovas has made to the understanding of nutrientgene interactions in humans. Two recent papers from Dr Ordovas' group are discussed below reporting the association between genetic variations in adipocyte perilipin and the response to dietary interventions on the susceptibility to developing insulin resistance or obesity in selected population groups. P PERILIP ERILIP ERILIP  ERILIP ERILIPIN, A CENTRAL AND MUL  IN, A CENTRAL AND MUL  IN, A CENTRAL AND MUL  IN, A CENTRAL AND MUL  IN, A CENTRAL AND MULTIF TIF TIF  TIF TIFA A A  A ACETED CETED CETED  CETED CETED  PR  PR PR  PR PRO O O  O OTEIN IN ADIPOSE LIP  TEIN IN ADIPOSE LIP  TEIN IN ADIPOSE LIP  TEIN IN ADIPOSE LIP  TEIN IN ADIPOSE LIPID MET  ID MET  ID MET  ID MET  ID METABOLISM ABOLISM ABOLISM ABOLISM ABOLISM A great deal of attention has recently been placed on the search for associations between genetic variants, represented by single nucleotide polymorphisms (SNPs), and major pathological conditions in response to particular dietary conditions. In this rapidly expanding field, it is becoming clear that the potential benefit of this type of knowledge to future public health intervention and to clinical practice lies not only in the numbers but in the search for multiple interactions and in the need to substantiate epidemiological nutrigenomic findings with physiological and biochemical approaches aimed at identifying the mechanisms underlying such interactions at the level of the cell and the organism. Regulation of adipocyte lipolysis is central in whole body energy homeostasis and it is vital to metabolic health since fatty acids released during adipocyte lipolysis also function as modulators of glucose and insulin action, as well as in insulin production. The disregulated release of fatty acids from adipocytes that occurs in obesity is implicated in the etiology of obesity-related complications, including type 2 diabetes.
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Perilipin (PLIN) is the predominant protein associated with adipocyte lipid droplets. Two alternatively spliced variants, PLIN A and PLIN B, are expressed in adipocytes the former being the most abundant form. In the absence of lipolytic stimulation PLIN A inhibits lipolysis by acting as a barrier against hydrolysis of the stored triacylglycerides by lipases. Catecholamines stimulate lipolysis by binding to beta-adrenergic receptors in adipocytes resulting in upregulation of adenyl cyclase and activation of cAMP-dependent phosphokinase A (PKA). PKA activity is thought to increase lipolysis simultaneously by phosphorylating PLIN A and the hormone sensitive lipase (HSL). Upon PKA activation, HSL is translocated to the lipid droplets where the interaction with phosphorylated PLIN A allows the lipolytic action to proceed. Thus, PLIN functions both as repressor of basal lipolysis and as enhancer of PKA-stimulated lipolysis
The importance of PLIN in adipose lipid metabolism had emerged from the first studies with PLIN knockout mice. The adipose mass of PLIN null mice was reduced and stimulated lipolysis was attenuated, while they exhibited an increased tendency to develop glucose intolerance and peripheral insulin resistance upon feeding a high fat diet (Tansey et al., 2001) . Efforts have therefore been directed at finding associations between PLIN SNPs and predisposing conditions to pathologies characterized by unbalanced lipid metabolism.
While direct associations between PLIN genotype and insulinresistance or obesity have not clearly emerged, an association between diet response and perilipin polymorphism has been observed in a recent study. Asian women with PLIN 11482G->A/14995A->T polymorphisms had higher susceptibility to insulin resistance in association with a diet with high short chain fatty acids (SFA) to carbohydrate ratio (Corella et al., 2006) . Similarly, the same group had previously reported that the minor A-allele at the PLIN locus (11482G>A) was associated with lower baseline body weight (BW) and with resistance to weight loss, suggesting that this polymorphism may predict outcome of BW reduction strategies based on low-energy diets. (Corella et al., 2005) .
A particular response to dietary intervention in association with specific genotypes may warrant further studies aimed at the identification of the underlying mechanisms. Although the 11482G>A PLIN polymorphism is located in an intron, obese subjects that were homozygous for the A allele were found to have reduced PLIN protein expression and higher rates of hormone-stimulated lipolysis in adipocytes (Mottagui-Tabar et al., 2003) . Unfortunately, studies aimed at identifying molecular mechanisms of perilipin regulation in lipolysis need to be performed in adequate tissue-specific cell models, and these are not easy to perform in adipose tissues from individuals with different PLIN polymorphisms.
An elegant study recently published has clarified some important points of regulation of PLIN A action. Employing adenoviral and transgenic expression of a PLIN construct deficient in all six serines that are phosphorylated by PKA in stable murine embryonic fibroblastic differentiated into adipocytes obtained from PLIN knockout mice, it was demonstrated that PKAdependent phosphorylation is not required for HSL translocation to the lipid droplets (LD), but is essential for lipolytic action(s) of HSL associated with the LD (Miyoshi et al., 2006) . In addition, cross-linking and immunoprecipitation studies suggested that the PKA-dependent phosphorylation of PLIN may induce conformational changes and alter its spatial relationship with HSL at the LD surface, promoting access of the lipase to the stored neutral lipids, thereby initiating lipolysis.
The independence of HSL translocation from PLIN A phosphorylation was also indirectly confirmed by the effects of the phosphatase (PPAse) inhibitor calyculin on primary and differentiated rat adipocytes. PPAse inhibition resulted in hyperphosphorylation of PLIN A but did not cause HSL translocation, while it stimulated lipolysis probably by the HSL already associated with the lipid droplets that accounts to about 40% of total HSL (He et al., 2006) . This work has also highlighted the existence of a fine balance between PPases (themselves under hormonal control) and kinases in the regulation of adipocyte lipolysis. As an example, the anti-lipolytic effect of insulin is mediated via dephosphorylation of both HSL and PLIN (references in Aboulaich et al., 2006) .
A Swedish group has recently identified a different anti-lipolytic effect of insulin that involves the PLIN B isoform at the plasma membrane (Aboulaich et al., 2006) . PLIN B is the minor splice variant in adipocytes but it is highly enriched at the plasma membrane. Proteomic and mass spectrometric analysis of phosphorylated peptides from plasma membrane proteins was performed in insulin stimulated primary human adipocytes obtained from subcutaneous abdominal fat tissue. Phosphorylation of PLIN B on a cluster of three threonine residues was stimulated by insulin and led to translocation of PLIN B to the plasma membrane , although the kinase responsible was not investigated. (Aboulaich et al., 2006) . Phosphorylated PLIN B at the plasma membrane is localized in caveolae in which added long chain fatty acids are rapidly converted to triglycerides, thus its translocation in response to insulin may protect the freshly synthesized triglycerides from hydrolysis by HSL found to be associated to triglyceride-synthesizing caveolae (Ortegren et al., 2006) .
Using different experimental approaches, all papers discussed above have shown the central role of PLIN in the control of lipolysis under different physiological stimuli. Thus changes in the diet are likely to affect this complex regulatory network and may shift the delicate balance between health and pathological conditions. In this context, it is particularly interesting the emerging role of the genetic background in the PLIN genes polymorphisms in influencing the physiological response to dietary interventions.
